The spectrum of ocular disease arising from vitamin A deficiency is known as xerophthalmia. Ocular changes include conjunctival and corneal drying (xerosis), corneal ulceration and melting (kerotomalacia), night blindness (nyctalopia) and retinopathy. 7 In addition to its importance in the function of the eye, vitamin A is necessary for proper immune function. Vitamin A deficiency is associated with a high degree of morbidity and mortality, mainly because affected children are more susceptible to respiratory and intestinal infections. 8, 9 Ⅲ Pathophysiology Vitamin A is a fat-soluble vitamin ingested in the diet in two forms: as retinol itself from animal sources, such as milk, meat, fish, liver, and eggs, or as the provitamin carotene from plant sources, such as green leafy vegetables, yellow fruits, and red palm oil. 10 It is absorbed from the small intestine. Within intestinal mucosal cells, carotene is converted to retinol and, along with the directly ingested retinol, is esterified to palmitic acid. Retinyl palmitate then travels through the lymphatic system to the liver, where it is stored. In the presence of a metabolic requirement for vitamin A, retinyl palmitate is hydrolyzed, and the reconstituted retinol travels via the blood stream, attached to retinol-binding protein (RBP), to the tissue where it is needed. Adequate body stores of zinc and protein are necessary for the formation of RBP, without which vitamin A cannot be transported to its target tissues.
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Vitamin A has essentially two roles in ocular metabolism. First, in the retina, vitamin A serves as a precursor to the photosensitive visual pigments that participate in the initiation of neural impulses from the photoreceptors. Second, it is necessary for conjunctival epithelial cell RNA and glycoprotein synthesis, which help to maintain the conjunctival mucosa and corneal stroma.
The retina contains two distinct photoreceptor systems, the rods and the cones. The rods are responsible for vision in dim or low light and the cones are responsible for color vision and vision in bright light. Vitamin A is the backbone of the visual pigments for both the rods and the cones, the major difference being the type of protein that is bound to the retinol. In rod cells, the aldehyde form of vitamin A (retinal) and the protein opsin combine to create rhodopsin, which is the photosensitive pigment. When light hits the rod cells, the pigment isomerizes, which leads to the nerve impulse and results in the visual signal. The pigment is broken down to opsin and the stereoisomer of retinal (all-trans configuration). The correct geometrical form of retinal has to be reconstituted to combine with opsin to reform the pigment. However, in this process, some of the retinal always is lost, so a constant source of vitamin A must be available for adequate levels of rhodopsin and optimal rod function. The mechanisms of stimulation, breakdown, and regeneration of visual pigments are thought to be similar in rod and cone cells. 12 The precise mechanism still is not known, but vitamin A is necessary for the maintenance of the specialized epithelial surfaces of the body. A lack of vitamin A leads to atrophic changes in the normal mucosal surface, with loss of goblet cells, and replacement of the normal epithelium by an inappropriate keratinized stratified squamous epithelium. In addition, the substantia propria of the cornea breaks down and liquefies (colliquative necrosis), resulting in keratomalacia. 13 
Ⅲ Epidemiology
Xerophthalmia is a problem wherever the combination of vitamin A and protein deficiency exists. In developed countries, vitamin A deficiency is a rare condition. However, it is a problem of enormous magnitude worldwide, particularly in the underdeveloped regions of Asia, where the diet often consists of rice and little more. Xerophthalmia is fairly well controlled in much of Latin America and the Caribbean, with the exception of Haiti, where the incidence is as high as that in some countries in Asia.
14 Some reports suggest that the prevalence of xerophthalmia in parts of Africa may be as high as that found in southeast Asia, [15] [16] [17] [18] whereas in other areas, particularly West Africa, the prevalence is lower, mostly because the red palm oil widely used for cooking is a good source of vitamin A supplementation. 19 In endemic countries, the disease is confined largely to lower socioeconomic groups who cannot afford vitamin A-rich foods.
Xerophthalmia can affect any age group, but it is most common in children aged 1 to 6 years, with the most severe blinding complications affecting those children aged 6 months to 3 years. The incidence is skewed toward children, because infants born to vitamin A-deficient mothers have small vitamin A stores at birth and subsequently get little from breastfeeding. Furthermore, the demands of rapid growth and susceptibility to infectious disease place an even greater demand on the meager body stores of vitamin A they do possess. 20 
Ⅲ Ocular Manifestations
The clinical signs of xerophthalmia were reclassified by the World Health Organization in 1980. 21 These signs and symptoms affect the retina, conjunctiva, and cornea and tend to occur in a reliable sequence (table) .
Night Blindness
Because of essential role of vitamin A in photoreceptor function, night blindness is the earliest and most common symptom of its deficiency. Even when the deficiency is subclinical, electroretinography and dark-adaptation studies can show impairment of retinal function. 22 Night blindness usually will respond rapidly (24-48 hr) to systemic administration of vitamin A.
Conjunctival Manifestations
Xerosis (X1A) is the term used to describe dryness. Vitamin A deficiency leads to a loss of mucous-secreting goblet cells and eventually to squamous cell metaplasia of the conjunctival epithelial cells. Conjunctival xerosis typically is found on the temporal, interpalpebral, bulbar conjunctiva. Characteristically, it is seen as a dry granular patch that can exhibit thickening, wrinkling, loss of pigmentation, and transparency. It stains intensely with rose bengal. 7, 23, 24 Bitot's spots (X1B) are triangular, perilimbal, gray plaques of keratinized conjunctival debris overlying an area of conjunctival xerosis (Fig 1) . Occasionally, they can be found in individuals who are generally malnourished but have normal vitamin A levels. If such individuals are vitamin A-deficient, these spots will resolve after supplementation.
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Corneal Manifestations
The earliest corneal manifestation of xerophthalmia is an instability of the precorneal tear film, which can lead to a dull corneal appearance and a superficial punctate keratopathy noted with the use of flourescein. The disorder is present in a majority of people who exhibit night blindness and Bitot's spots. Without treatment, the keratopathy progresses to epithelial defects, stromal edema, and keratinization in the interpalpebral fissure. The condition almost always is bilateral. If treatment is initiated at this point, healing usually takes place over the course of perhaps 1 week.
Corneal epithelial defects can progress to further ulceration. Characteristically, these ulcers are small, are located nasally in the periphery, and have sharp borders (Fig 2) . They can be partial or full thickness. With progression, these ulcers can extend to obscure the pupillary axis and develop secondary bacterial infection. 24 Keratomalacia is a full-thickness liquefactive necrosis of the cornea. Clinically, it is a sharply demarcated lesion with an opaque grayish yellow appearance. The stroma can slough, either leaving a descemetocele (Fig 3) or, in severe cases, causing perforation and loss of the anterior chamber. Vitamin A supplementation speeds healing. Keratomalacia may not be caused by vitamin A deficiency alone; it is rare in vitamin-deficient animals. 25 Often, it is associated with a preceding systemic stressor, such as measles, diarrhea, or respiratory infection, or with concurrent severe protein-energy malnutrition.
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Xerophthalmic Fundus
Xerophthalmic fundus is uncommon, but it represents structural damage to the fundus in the form of yellow and white dots in the retinal periphery (Fig 4) . Flourescein angiograms reveal these dots to be focal retinal pigment epithelium defects. 26 Rarely, patients can present with scotomas corresponding to the area of retinal involvement. 27 These changes can respond to vitamin A therapy, with scotomata disappearing in 1 to 2 weeks and retinal lesions fading in 1 to 4 months. 7 
Ⅲ Diagnosis
The diagnosis of xerophthalmia is clinical, requiring a high degree of suspicion. The simplest, most inexpensive, and practical way of confirming the diagnosis is treatment. Blood tests are available, but their value is limited, and many require specialized laboratories. However, physicians should know the tests that are available. 
Serum Vitamin A Levels
The biochemical definition of vitamin A deficiency is a plasma level of 35 µmol/dl or less. 21 Several techniques are available, but high-pressure liquid chromatography is the most reliable. 28 An important factor is that with protein deficiency, serum vitamin A levels may be decreased despite good vitamin A intake and adequate vitamin A stores.
Total and Holo RBP Test
Total and holo-RBP (complex of Vitamin A and RBP) for serum RBP tend to correlate with measures of serum vitamin A. These, too, can be depressed in the presence of protein deficiency.
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Conjunctival Impression Cytology
Conjunctival impression cytology is a technique useful for detecting preclinical xerophthalmia. It is a noninvasive method of obtaining a speci- men to assess the histological appearance of the superficial conjunctival layers. Squamous metaplasia is evident by the presence of enlarged, irregular, and keratinized epithelial cells and loss of goblet cells (Fig 5) . 31, 32 Results closely correlate with baseline serum vitamin A levels and with clinical improvement after treatment.
Ⅲ Treatment
The goal of therapy is replenishment of vitamin A stores. The oral dosage regimen is 200,000 IU of vitamin A in oil followed the next day with an additional dose of 200,000 IU. 23 Children with severe protein deficiency should receive an additional oral dose every 2 weeks until their protein status improves. 33 If patients have severe corneal disease or malabsorption, the preferable dose is 100,000 IU water-miscible vitamin A intramuscularly. 34 Topical therapy is directed at preventing or treating secondary bacterial infections in the xerophthalmic ulcers. As a lag of several days can occur between oral supplementation and healing, topical retinoic acid (0.1%) can be used to promote healing. 35 It can, however, cause the development of a denser, more vascularized scar, so it should be used with caution in eyes with ulcers involving the visual axis.
Little role is played by surgery in xerophthalmia. Partial-thickness ulcers tend to heal with minimal scarring and do not impair vision. Fullthickness keratomalacia usually is inoperable: The entire cornea is involved, and affected patients are too debilitated to undergo anesthesia. In the small number of patients who have dense scars obscuring their visual axis, corneal transplantation may have a role. However, the outcome is complicated by the fact that many will have developed amblyopia prior to surgery and, for many, their social situation and environment render survival of the graft extremely unlikely. 
Ⅲ Prevention
Improving vitamin A status will reduce childhood mortality and the risk of blindness. Prevention relies on the maintenance of adequate vitamin A stores, either by increasing vitamin A intake in the diet or by periodic administration of vitamin A. For prophylaxis, newborns should receive 50,000 IU of vitamin A, children younger than 1 year should receive 100,000 IU every 4 to 6 months, adults and children older than 1 year should receive 200,000 IU every 4 to 6 months, and pregnant or lactating women should receive 20,000 IU each week. 21 Public health programs studying the prevalence of vitamin A deficiency are investigating the most effective ways of distributing supplements, from linking them to immunization programs to fortifying common foods (i.e., iodized salt). They also strive to promote nutrition education in an effort to increase consumption of red, orange, and leafy green vegetables by endemic populations. 34 Current research also is investigating ways to eliminate this problem with recent developments, such as "golden rice," a transgenic rice that contains both iron and betacarotene. [35] [36] [37] In addition, the control of illnesses, such as protein malnutrition, measles, and diarrhea, is of paramount importance in controlling the morbidity due to vitamin A deficiency.
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